Photon cannot keep itself unchanged from emission to absorption. The information encoded on the photon is also changed due to interaction with environment. There has no definitely demonstration that the photon being absorbed is the original one from ideal light source since the quantum mechanics itself is an indeterminate theory that the physical measurement is only the probability. We divide the change of the photon state into two parts that one can be compensated and the other cannot be compensated. A concept of photon reconstruction is introduced to explain every optical phenomena including Raman scattering, multi-photon absorption, nonlinear phenomena, free electron lasing, quantum entanglement, high order coherence, ghost imaging and the de-phase which result in error bits or information loss in the quantum information process. An experimental result is explained to show that the signal photon can modify the background even the energy of the photon is not enough for absorption in the wide-band gap semiconductor material. The photon-current-voltage curve and dark-current-voltage curve of an absorption, grating, and multiplication InGaAs/InP avalanche photodiode is analyzed to show that 1550nm input light modified the dark background even the applied reverse bias voltage is far below the punch-through voltage. This increase of the dark count directly relates to the input photons at the 1550nm wavelength but is not due to absorption in the absorption layer and insensitive to the applied voltage.
INTRODUCTION
Single photons and entangled photon pairs are important for quantum information process. Single photons are usually used in quantum key distribution (QKD) system as quantum information carriers to ensure the security of the key distribution system based on quantum mechanics principles that there are existence of indivisible quanta and of entangled systems [1] , and the single photon no-clone principle [2] .
In practice, the single photons are usually produced by precisely controlled attenuation of laser pulses to a very weak level and assume at that level the photons follow Poisson distribution, therefore these are pseudo-single-photons or correctly called faint laser pulses, although in this method the probability in a faint pulse containing more than one photon can be made arbitrarily small. The result is that most of the pulses are empty [3] . In theoretical consideration, single photon should come from the transition between two single state levels in single quantum cavity. Electrically driven single-photon source has been demonstrated experimentally [4] . However, there is a technical challenge in the collection efficiency. In practical application, the quantum state of a photon is formed by encoded phase information on part of the photon and then recombine it so that can be detected at a specified detector [5] [6] . Transmission losses are always unavoidable so that the detection appears as probability. There has not definitely been demonstrated that the absorbed one photon is exactly the original one, instead, the absorption may be helped by absorption of other photons.
Many experiments show complex interaction between photon and environment that involves multi-photons. The emission and absorption usually contain multi-photon especially in the nonlinear processes. In fact, frequency down conversion produces photon pairs that have been used in quantum communication experiments [7] . Multi-photon absorption has been successfully used for imaging with high resolution and micro-fabrication [8] . Multi-photons with different wave lengths are produced by scattering such as Raman-scattering or Stockes scattering which are well-known optical phenomena and extensively been used, for example, single-shot measurement of revival structures of molecules by sequential stimulated Raman transitions [9] . Photon emission and absorption are usually in company with the emission or absorption of phonons, for example photo-acoustic topography has been successfully used for imaging of nanoparticle-containing object [10] . Multi-photon absorption has been taken as nonlinear phenomena, the theoretical calculations quite agree with the experimental results [11] .
A fundamental question is then proposed that if single photon emission or single photon absorption is only a typical case in the interaction between light and material? Is the photon during propagation not self conserved? How to characterize a photon? The question about the structure of a photon has been proposed and studied [12] . The nature of the photon has attracted much attention. A special issue of Optics & Photonics was published named "The nature of
Light: What is a photon?" in which six feature papers are included [13] .
In the field of quantum information including quantum communication and quantum computation, the photons are used as the carriers of information encoded with their quantum states so as called quantum bits. The most serous problems of the quantum information transmission are the de-phase or depolarization that result in quantum bit error rate of more than a few percent in comparison with classical communication where the bit error rate has decreased to 10 -9
. The quantum bit error rate (QBER) has its special physical origin and need to be studied in more detail. The quantum state is quite sensitive to the environment. The preparation, transmission and detection of quantum states of the photons in the quantum information system with high fidelity are essential [14] [15] [16] . The single photon detection has reached the sensitivity limitation of a detector while the quantum state is decided by the photon detection. A concept of reconstruction of photon is introduced in this paper to discuss the single photon detection and the noise background of the single photon detector at 1550nm communication wavelengths.
THEORETICAL ANALYSIS
In study on the interaction between the radiation field and the atom system, the Hamiltonian describing interaction between the electromagnetic field and an electron (neglecting the electron spin) is
where Elec Ĥ refers to electron motion without the external electromagnetic field that if it is in an atom or in the quantum well the practical expression can be decided. The second term describes the interaction of the electron with the light field. This may be written in two parts [17] as
is the vector potential of the electromagnetic field, e and m are the charge and mass of the electron respectively. The light fields ) (x Ψ appear as operator, which can be expanded as a superposition of the unperturbed wave functions
φ This operator acts on both the electron waves and optical waves. In the conventional theoretical calculation there have to have further approximations to simplify the expression so that can obtain the analytical expression for quantization condition of energy. However, the numerically calculation will probably lead more precise results when comparison with experiments. The simplified formula will not completely describe the complex interaction between photon and materials. There actually involve two quantum conditions. One is for electron or the atom system. The other is for photon. The mode volumes are quite different since the wavelength of a photon may be many times longer than that of the electron with same energy level. The optical mode is formed under the manipulation of interaction Himiltonian with involving the input electromagnetic field itself. The input electromagnetic fields actually companies with background of broad band electromagnetic field which has equally probability been selected and join the quantization process of forming resonant modes. All the resonant modes are belong to the interaction Hamiltonian that energy redistribution between those modes is possible. Those modes not necessarily coincide with the mode of atom system if the input light is a strong coherent light such as laser beam. If the modes belong to interaction Hamiltonian and do not coincide with that belong to the atom system, there is no energy transfer to the atom system. As a result the electron will not transit to the higher energy level. The energy redistribution will appear only amount the optical modes belong to the interaction Himiltonian. These are nonlinear optical effects, which enhanced by near resonant with the atom system. The unperturbed wave functions ) (x φ are reconstructed modes that including all the electromagnetic field which are indistinguishable between the input signal, pumping or the background, especially the background electromagnetic field for their ultra-wide frequency band that offers a plenty of choice. Weak signals which hiding in the noise will be amplified by nonlinear interaction. If the input light signal is very weak that the interaction Hamiltonian will not disturb the original atom system, the signal will be absorbed only in resonant with atom system appeared as an absorption center. The noise or dark counts are always existed in a detector, especially in the infrared region. Those dark counts from the background radiation are different from the circuit noise showing statistical property temperature dependent.
Therefore those dark counts are a record of the photon that belongs to the mode of atom system. We believe the photon being absorbed is from the reconstruction of the background radiation by coherent superposition of the broadband electromagnetic field instead of from one atom system somewhere in the universe. If the signal is too weak to be detected that will become the background and have contribution to the noise and follow the random statistics. The photon formed immediately before being absorbed. That is why the quantum information can transmit longer than a distance of more than 150 km without a repeater 
EXPERIMENTAL RESULTS
Noise of a detector in an experiment is analyzed in the paper. The photon-current-voltage curves and dark-current-voltage curves of InGaAs/InP avalanche photodiode (APD) are measured.. The APD has a structure of separate absorption, grading, and multiplication (SAGM). The SAGM APD has been studied extensively and used for single-photon detection in the infrared communication wavelengths. The absorption layer is usually designed for detection at infrared communication wavelengths to have a band gap of 0.73eV so that the sensitivity can extend to about 1650nm. Much thermal carriers exist in this layer due to its narrow band gap. The dark counts are the main limits of the distance of quantum key distribution. SAGM structure is important since multiplication layer has a band gap of 1.35 eV that the thermal noise will decrease due to the fact that if the depletion layer does not extended into the absorption layer the thermally produced carriers will recombined before moving into the depletion layer so that no contribution to the noise. The band diagram and the microstructure of typical SAGM APD are shown in Fig.1 . Photons incident on the p + n junction of InP which is transparent to the 1550nm photon. It is clear that the 1550nm photon can be detected only if the reverse applied electric field is so high that the depletion layer has extended in to the absorption layer so that help to separate the electron-hole pairs produced by the absorption. This voltage is called punch-through voltage that is important and can be found in the photo-current-voltage curve. We have fund that the photo-carriers are much larger the thermal carriers in the absorption layer at the region close to the grating/absorption interface [18] .
One can see also an increase in the photon-current when the electric field had not punch-through, see the measured I-V curve shown in Fig.2 for EG&G APD C30645
The similar curves can easily be fund in the literatures [19] [20] . In our experiment, passive-quench circuit with a 200KΩ ballast resistor is used to measure the I-V curves so that the I-V curves extended to cover bias voltage above breakdown.
The APD of type C30645 was cooled down to -25℃. A 1550nm DFB laser was attenuated to -45dBm used as input signal, which switches on to measure photo-current-voltage curve, and switches off for dark-current-voltage curve.
Punch-through can be clearly seen in the photo-I-V curves where the holes created in the absorption layer are swept into multiplication layer that makes a jump in the I-V curve. The photo-current before punch-through is about one order larger than that of the dark current at the same bias level. However, this part of the photo-current at the bias voltage below the punch-through needs to be studied to find its origin. Both the theoretical analysis and experiment study can find the single photon detection efficiency dropped to zero if the breakdown voltage decreases to below punch-through voltage due to decreasing operation temperature for some type of APD devices [19] . That means that the photo-current before punch-through is different from photo-current from that after punch-through where the absorption produces pairs of hole-electron and the holes drift into the multiplication layer to trigger avalanche. The photo-current before the punch-through has no contribution to the single photon detection if breakdown happens before punch-through. It is some how that the photo-current before punch-through perform like noise. This phenomenon can be explained as that the 1550nm photon has been absorbed in the InP material with the help of background electromagnetic field despite the band gap of InP material is 1.35eV. The deep level in the compound semiconductor at the p + n junction helped the 1550nm photon to combine with background noise The holes produced in the transition are quickly recombined with the injected electron and the free electron carriers in the junction have low probability to induce impact ionization in their way drift before recombined with a hole so that the signal keeps too weak to be detected.
DISCUSSION
In practical application, reconstructions of a photon are quite often. A photon immediately after emission joins the photon family with indistinguishable with other photons if they have same frequency and polarization. In the consideration of technical application we usually distinguish them with pre-encoded phase, polarization, or direction of transmission. And try every effort to collect all the light so that can be detected in a specific detector. The techniques usually used to collect the photon are as follow:
Focus
The photon emitted from single atom or even in a quantum dot will have large divergence angle limited by the quantum uncertainty. If the atom or the quantum dot is put in a cavity to increase the collection efficiency, the size of the cavity will also put limitation on the collection efficiency. Furthermore, there are also Fresnel losses existed at all the surfaces and the diffraction losses are unavoidable. On detection of the photon, the collection efficiency of the photon is limited by the receive aperture. There are still losses existed before absorption of the photon. The photon has to be matched with the resonant mode so that can be effectively absorbed. The total quantum efficiency is very low. There are processes involving reconstruction of multi-photon with same quantum state to form less number of photons that can be absorbed. If the intensity of the light is too low such as in quantum communication where the mean number per pulse may only be 0.1, the photon reconstructed with background electromagnetic radiation and can be detected by probability.
Interference
If the photon with same polarization encoded by phase, the photon can be collected by interference. These are usually practiced by use of a beam splitter. On recombination of the two beams, the light waves in same phase will coherently superposed to form the photon which can be directed by phase modulator to specific detector. In the idealized case the beam splitter should have perfect 50:50 ratio of splitting. And the two beams should be recombined perfectly in time domain and space domain. There are facing technical challenges that there are dispersion and transmission losses including the polarization-dependent losses. If the polarization is not properly maintained, the interference visibility will decrease. In application of quantum key distribution there are basically two kinds of the phase-coded systems to perform interference perfectly in optical fiber communication system that are based on time-multiplexing, the interfering pulses with same time delay can obtain good interference with high visibility. One is a double
Mach-Zehnder interferometer [6] . The other is the "plug-and-play" system [5] . We illustrate the reconstruction of photon here with the double Mach-Zehnder interferometer shown in Fig.3 and Fig.4 . The faint optical pulse has been split twice and recombined twice to become four pulses due to time delay in different path in the asymmetrical
interferometers. If the two asymmetrical interferometers are exactly the same, the pulses which pass through long-arm-plus short-arm will exactly recombine coherently in the last fiber coupler with that pulse passes through short-arm-plus long-arm. As shown in the Fig.4 if the two asymmetrical interferometers are perfectly the same and the phase modulators are precisely controlled, at the terminal A the coherent pulse can be detected while in terminal B the pulse in the middle disappears due to de-coherence. A time window can be used to discriminate between interfering and non-interfering events. The reconstructed photon by coherence can only be detected with some probability due to imperfect technical origin. Add to the low number of single photons in the quantum key distribution system with the faint pulse with mean number per pulse of less than 0.1, half information lost outside the time window. Or the pulses pass through long-long arms and short-short arms are combined with background electromagnetic and contribute to an error.
Polarization
Light with same polarization can be collected to construct photon that belongs to the resonant mode of the absorption atom system so that can be detected. There is only linear polarizer available in practice. If the photon is encoded with polarization, either in linearly polarized or in circularly polarized, all the light that carry quantum information can be collected and detected after reform it to linearly polarized photon in according to the protocol. In practice the simple way is to use the polarization beam splitters to produce four linearly polarization states and try every effort to maintain its polarization states unchanged during transmission. There are also face technical challenges especially in optical fiber where the birefringence in the fiber is unavoidable. For the polarization mode dispersion (PMD) that exists unavoidably in conventional optical fiber communication system, two orthogonal polarization modes propagate in the fiber with very small but quickly changed speed in a random manner. Their coupling makes the polarization states instable and cannot be controlled. Therefore the result linearly polarized state selected by the polarizer can be detected only with limited distinction ratio. In theoretical consideration unitary operation can be performed including polarization beam splitting, quarter waveplate or phase modulator and rotation of half wave-plate. All of those operations are unavoidable to have losses. In quantum key distribution system the light with encoded with polarization states can only be detected with probability.
Follow all three cases discussed above, one cannot take the photon as one that is not decomposed or the emphasis can be put on the property of a particle. Or simply explained the QBER as the result that is because in the detector each time a photon is lost there is a chance that a dark count produces an error [1] . We can divide changes of photon state into two parts: one can be compensated and the other cannot be compensated. That is the error come from two reasons. One belongs to that can be improved due to technical advances by collection of the information carried by the photon, for example, better phase modulation or polarization control. The other is due to energy loss such as Fresnel losses at the surfaces or Rayleigh scattering. The photon absorption has to be helped by background electromagnetic field that exist randomly in nature. In this discussion, the photon is not taken as an indivisible particle. The photons have the nature of Bose statistics. If we take the members of the ensemble of the statistics at sub-photon level and at that level quantum swap happens, many optical phenomena can be properly explained. The photons after emitted are not conserved itself.
A photon being detected dependents on the resonant condition with the detector. Thus, the error bit results from reconstruction according to the resonant condition with the detector due to combination with the background electromagnetic field that have random phase and polarization in nature. Therefore there are unavoidable de-phase and depolarization effects. Actually, the reconstruction follows the whole propagation of the light. The information loss directly related to the energy loss that is not necessary to consider as one photon lost each time.
CONCLUSIONS
Photons have Bose nature that not only the photon itself are indistinguishable, but also the components that constitute a photon are indistinguishable. The member of the ensemble in Bose statistics should be at sub-photon level and the quantum swap happens at the sub-photon level. Therefore changes of the photon state during transmission are not only due to variation by itself, but also due to quantum swap with background that exist randomly in nature. The quantum information can be divided into two parts: one can be recovered and the other cannot be recovered that is because the reconstruction of photon including background electromagnetic fields which randomly exist in nature. The concept of photon reconstruction can be used to describe the whole propagation of light and the detection of photon.
